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12.1 Surgical Anatomy

of the Optic Nerve

The optic nerve begins within the eyeball at the
optic disc and ends in the suprasellar region,
where it continues with the chiasm.

Four different parts of the optic nerve may be
distinguished: intraocular, intraorbital, intracana-
licular, and intracranial [1, 2].

The intraocular part is the most anterior
component and is located within the eyeball. The
optic nerve head, also defined optic disc, is
approximatively 1.5 mm wide. The amyelinated
fibers are supplied by the central retinal artery.

The intraorbital part courses from the pos-
terior part of the eyeball to the intraorbital
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opening of the optic canal. Its length is about
25 mm. This segment is myelinated and sur-
rounded by three meningeal layers (dura,
arachnoid, and pia mater). The subarachnoid
space is rather large and narrows posteriorly at
the optic canal. Just before it enters the optic
canal, the optic nerve is adjacent to the third
and the sixth nerves and superomedial to the
ophthalmic artery, thus it is closely related to
the anulus of Zinn.

The intracanalicular part has a variable
length from 4 to 10 mm; the optic nerve travels
the canal posteromedially at 35° angle relative to
the midsagittal plane. This part of the nerve is
also covered by the three meningeal layers.

The intracranial part extends from the inter-
nal orifice of the optic canal to the optic chiasm.
It courses in the parasellar region and lies medial
to the internal carotid artery, superomedial to the
ophthalmic artery, and below the anterior cere-
bral artery. This segment of the optic nerve is
covered only by the pia mater.

12.2 Classification of Tumors
of the Optic Nerve and Its
Sheath

Many tumors of different histology may involve the
optic nerve and its sheath. Some of them primarily
arise from the nerve and its sheath; these tumors are
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Table 12.1 Classification of primary tumors of the optic
nerve and its sheath

Tumors of the optic nerve
* Benign gliomas
* Malignant gliomas
¢ Ganglioglioma
e Medulloepithelioma
* Hemangioblastoma
Tumors of the optic nerve sheath
e Meningioma
* Schwannoma

discussed in this chapter. In other cases, tumors of
the surrounding structures may secondarily involve
the nerve. These include meningiomas of the tuber-
culum sellae, anterior clinoid, planum sphenoidale,
gliomas of the optic chiasm and frontal lobe. These
cases are excluded from this chapter.

Several cell types may be present in the optic
nerve and its sheath. These include astrocytes, oligo-
dendrocytes, fibroblasts, arachnoid cap cells, gan-
glion cells, Schwann cells of the sympathetic nerves.
Thus, several tumors of different histological origin
may be observed. They may be classified as in
Table 12.1 according to the WHO Classification [3].

12.3 Primary Tumors of the Optic
Nerve

12.3.1 Gliomas

Gliomas of the optic nerve occur in two different
forms: the more frequent benign gliomas of the
pediatric population and the rare malignant glio-
mas of adults [4-6].

12.3.1.1 Pediatric Benign Gliomas
Optic nerve gliomas account for 2-5% of the
central nervous system neoplasms and 7% of all
gliomas in pediatric population [7, 8]. They may
occur as sporadic lesions or in association to type
I neurofibromatosis (NF1). NFI-related tumors
occur at younger age (mean 4, 5 years) and are
often bilateral [8]. Sporadic tumors are unilateral
and occur later, mostly in the first or less in the
second decade [7] (Fig. 12.1).

Histologically, pediatric optic nerve gliomas
are WHO I pilocytic astrocytomas, rarely diffuse
WHO 1II astrocytomas. Sporadic tumors show

higher values of proliferation markers and more
aggressive histopathological features.

The biomolecular studies have shown different
features between NF1-related and sporadic tumors.
The NF1 gene encodes the neurofibromin protein,
which functions as tumor suppressor; NF1 dys-
function causes unregulate Ras and m-TOR activ-
ity [9]. On the other hand, BRAF mutations are not
evidenced in NF1-associated pilocytic astrocyto-
mas but are identified in many sporadic cases [10].

Most optic nerve gliomas are asymptomatic at
diagnosis and detected incidentally. However, the
clinical course is rather variable; most cases
remain stable for years and never grow, while
others show visual worsening and slow or more
rapid growth pattern over many years [5, 11].

Sporadic optic nerve gliomas are at higher risk
of visual loss than those related to the NF1.

Among the non-visual symptoms and signs,
proptosis is the most common presenting sign in
symptomatic cases. Limitation of the ocular
motility and diplopia occur in about 30% of glio-
mas confined to the orbit whereas they are rare in
gliomas of the intracranial optic nerve.

The high incidence of optic nerve glioma in
children with NF1 suggests several recommenda-
tions for the screening. Children with NF1 and no
evident optic nerve glioma should be examined
every year up to the age of 18 years. Those with
NF1 and history of optic nerve glioma should be
studied every 3 months in the first year and every
6 months in the following years.

The vision loss is the most important factor
for deciding to treat the glioma, The optic coher-
ence tomography (OCT) is the best study to
assess the optic nerve function [12].

Children with sporadic or NF1 optic nerve
gliomas and no visual loss must not be treated.

In pediatric patients with substantial tumor
progression on MR and/or worsening of visual
acuity, chemotherapy is the first-line treatment,
particularly in children below 5 years of age [13].
The combination of vincristine and carboplatin
has been the most common first-line treatment
for optic nerve gliomas. For patients with NF1
who undergo treatment with vincristine/carbopl-
atin, the 3-year progression-free survival (PES)
rate is 77% [14] and the 5-year PFS is 69%,
although these cohorts include gliomas beyond
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A

Fig. 12.1 Benign right optic nerve glioma. (a) Exam of  tumor of the optic nerve with regular margins and homo-
the eye fundus: optic disc with blurred margins. (b-d) geneous enhancement; right proptosis is evident. (e)
Preoperative magnetic resonance T1 sequences, before  Postoperative MR: good tumor resection

(b) and after (¢, d) gadolinium: large right intraorbital



126

F. Maiuri et al.

the optic nerve. Thioguanine, procarbazine,
lomustine, and vincristine may represent a treat-
ment alternative to carboplatin/vincristine in NF1
patients with a reported similar survival [15, 16].
More recently, monotherapies with temozol-
amide [17], vinblastine [18, 19] and vinorelbine
[20] have been used for progressive or refractory
disease with positive results and low toxicity.

Surgical debulking is reserved to cases with
significant mass effect, aesthetic problems, and
no or very limited residual vision. On the other
hand, radical surgical resection and radiotherapy
represent the last management option in a limited
number of patients [11].

The prognosis of optic nerve glioma is rather
variable. The features associated to worse out-
come include younger age at diagnosis, sporadic
tumors, greater contrast enhancement, and exten-
sion to the chiasm [8, 21, 22].

12.3.1.2 Malignant Gliomas

Malignant optic nerve gliomas are very aggres-
sive neoplasms occurring in middle-aged males
and presenting with rapidly progressive visual
loss [4, 15, 23].

The radiological aspect is a mass involving the
optic nerve and showing intense contrast
enhancement. Histologically, these tumors are
anaplastic WHO III astocytomas or glioblasto-
mas (WHO IV). The biopsy is advisable to define
the diagnosis.

The tumor progression is very rapid. In the orbit,
the tumor infiltrates the meninges of the nerve and
the surrounding soft tissues. Gliomas arising from
the intracranial optic nerve infiltrate the optic chi-
asm, hypothalamus, and the surrounding brain.

The management includes combined radiation
therapy and chemotherapy [23]. Radiation therapy
is a treatment option for patients with malignant
optic nerve gliomas and can be used as adjunctive
therapy or as an alternative to surgery [24].
Historical series of patients treated with radiation
therapy with a total dose of 50-54 Gy given in
1.8-2 Gy per fraction [25-29] reported a local
control around 62-89% and overall survival
83-100% at 10 years. The treatment is associated
with clinical improvement, including shrinkage of
tumor mass and subsequent reduction of proptosis,

reduction in optic disc swelling, arrest of progres-
sive visual loss, and improvement of vision. Long-
term toxicity reported with the use of conventional
radiotherapy includes endocrine abnormalities
(13-22%) [1, 27, 28, 30], cerebrovascular disease
[31-33], poor visual outcomes (15%) [25-29],
secondary malignancies [34, 35], and neurocogni-
tive decline [35], particularly in young patients
[26, 36]. Modern techniques have been recently
employed to minimize long-term complications of
radiation, including fractionated stereotactic radia-
tion therapy [37-39], proton beam radiation ther-
apy [40, 41], and stereotactic radiosurgery
(Gamma Knife) [42, 43]. Proton beam therapy has
been used for patients with malignant optic nerve
gliomas [44]. In a series of 101 patients with
malignant optic nerve gliomas receiving photon
radiotherapy or proton beam radiotherapy with a
total dose of 50.4-54.0 Gy (RBE), Indelicato et al.
[44] showed similar progression-free survival and
overall survival of 88% and 93%, respectively. The
total dose has impact on the local control of the
tumors; 54 GyRBE showed a better local control
and progression-free survival as compared with a
dose less than 54 GyRBE. As for other newly
diagnosed high-grade astrocytomas, radiotherapy
can be given in combination with temozolomide.
Recurrence or progression may be treated with re-
resection, a second course of radiotherapy, or most
commonly, using systemic alkylating agent che-
motherapy [45].

12.3.2 Ganglioglioma

The ganglioglioma, a well-differentiated slow-
growing tumor composed of a combination of
neoplastic ganglion and glial cells, rarely occurs
in the optic nerve [4, 46, 47]. The intracranial
optic nerve segment is less rarely affected than
the intraorbital one [47]. The association with the
NF1 is evidenced in half of the reported cases.

The clinical presentation and the imaging
characteristics of ganglioglioma are rather like
optic nerve glioma; however, ganglioglioma of
the optic nerve causes more rapid, progressive
visual failure. Thus, the correct diagnosis is pos-
sible only by histological studies.
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Most reported gangliogliomas of the optic
nerve underwent surgical removal because of the
progressive visual loss and potential tumor exten-
sion. This management option differs from that
of the pilocytic astrocytomas of the optic nerve,
where the clinical course is more favorable and
the surgical resection is rarely necessary.

Given the rarity of optic nerve ganglioglio-
mas, treatment recommendations are based on
evidence or results of the treatment of intracra-
nial gangliogliomas. After a gross total resection
is achieved, there is no evidence that adjuvant
radiation improves tumor control or patient out-
come, and therefore radiation is not recom-
mended in this scenario. After subtotal resection,
adjuvant radiation appears to improve local
tumor control [48].

12.3.3 Medulloepithelioma

The medulloepithelioma is an embryonal neo-
plasm, considered in the 2021 WHO classifica-
tion [3] as subtype of the “embryonal tumors
with multilayered rosettes.” It rarely occurs in the
optic nerve, where it arises from the neuroepithe-
lium that lines the optic vescicles and cavities of
the optic nerve [49].

Medulloepithelioma of the optic nerve mainly
affects young males and is always malignant.
Tumors located in the orbital portion present with
proptosis and optic disc swelling, as for optic
gliomas; those occurring in more posterior seg-
ments of the nerve cause progressive retrobulbar
optic neuropathy [4]. The radiological aspect is a
fusiform enlargement of the nerve, suggesting an
optic glioma.

Most reported cases of optic nerve medullo-
epithelioma have been treated with tumor exci-
sion followed by chemotherapy and radiotherapy.
However, the mortality rate is high because of
recurrence, CSF spread, and brain invasion [49].

12.3.4 Hemangioblastoma

Hemangioblastomas very rarely occur in the
optic nerve, with only 37 reported cases included

in two recent reviews [50, 51]. They may occur
sporadically or more frequently in association
with the Von Hippel Lindau (VHL) disease. The
tumor is mostly located in the intraorbital portion
of the nerve than in the intracranial one. The
reduced vision is the most common presenting
symptom, followed by slowly progressive axial
proptosis; asymptomatic cases are found inciden-
tally on VHL screening. About one-third of the
patients show optic atrophy at initial
examination.

The diagnosis is rather easy in VHL patients,
but it is difficult in sporadic cases. On MR, the
presence of a solid or mixed solid-cystic well-
defined lesion within the optic nerve, showing
vascular flow voids, intense contrast enhance-
ment and peritumoral edema may suggest the

hemangioblastoma.
The best management option of optic nerve
hemangioblastomas is controversial.

Asymptomatic patients with stable vision should
be managed conservatively. However, without
treatment most patients will probably lose vision
of the affected eye. Surgery is indicated in cases
with progressive vision loss, significant propto-
sis, and bilateral visual symptoms due to edema.

The microsurgical tumor resection is possible,
because the optic nerve fibers are dislocated
rather than infiltrated. However, it is at risk of
visual worsening, particularly for tumors with
intracanalicular component. No cases were
treated by stereotactic radiosurgery; however, it
may be used as alternative option to surgery in
advanced cases.

12.4 Tumors of the Optic Nerve
Sheath

12.4.1 Meningioma

Optic nerve sheath meningiomas are rare tumors
accounting for 1% of all meningiomas and about
2% of all orbital tumors [52, 53]; they are the
most frequent tumors of the optic nerve after gli-
omas. Optic nerve meningiomas are predominant
in middle age and in female patients, although
they may rarely be found in children in associa-
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tion with type II neurofibromatosis (NF2) in one-
third of cases. These tumors are usually
monolateral (95%) and rarely bilateral (5%) in
NF2 patients. The intraorbital portion of the
nerve is the most common site of origin (> 90%).

These meningiomas arise from the arachnoid
cap cells lining the meningeal optic nerve sheath.
They mainly grow circumferentially around the
optic nerve and can extent along the entire path of
the nerve; other growth patterns include globular,
fusiform, and focal enlargement [54].
Histologically, they are benign WHO I, mainly of
transitional (50%) or mixed meningothelial-
transitional type (30%) [55].

The clinical presentation is characterized by
painless and progressive visual loss in the affected
eye, which leads to complete blindness, if
untreated. Optic disc edema or atrophy are evi-
dent. Chronic edema may be associated to poste-
rior tumors causing enlargement of the anterior
perioptic subarachnoid space [56]. Visual field
defect mainly includes peripheral constriction
and enlarged blind spot. Proptosis is inconstant
and always follows the visual loss. In pediatric
patients, these tumors are more aggressive and
result in more rapid visual loss [57].

The diagnosis of optic nerve sheath meningi-
oma is often confirmed by MR with gadolinium-

enhanced fat-suppression sequences. The most
typical aspect is widening and intense enhance-
ment of the meningeal sheath with central non-
enhancing nerve (tram-trak sign) (Fig. 12.2).

The less frequent fusiform enhancement may
mimic an optic nerve glioma [54, 58]. Because of
the expression of somatostatin receptor subtype 2
by the meningioma cells, the gallium-68 labeled
dodecotetracetic acid-tyrosine-3-octreotate posi-
tron emission tomography-CT scan may show
significant uptake in meningiomas, differently
from other tumors [59].

The best management of optic nerve sheath
meningiomas depends on the state of visual func-
tion and the tumor extension. Cases where the
visual function is intact or remains stable should
only be observed and closely followed-up by
serial ophthalmological examinations and
repeated MR every year [58, 60].

The surgical tumor resection results in severe
visual loss due to the close tumor relationship to
the optic nerve and damage of the pial vascular
plexus. Thus, it should be reserved to cases with
blind affected eye and disfiguring proptosis or
particularly intracranial extension. Patients with
blind eye and stable intraorbital tumor may be
observed or treated by radiotherapy and opera-
tion if the tumor grows. The surgical resection

Fig. 12.2 Meningioma of the right intraorbital optic
nerve. Magnetic resonance, fat suppression axial (a) and
post contrast (b) sequences: intense contrast enhancement

of the meningeal sheath with central non-enhancing nerve
(tram-track sign)
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may be realized through transcranial approach or
lateral orbitotomy [61]. The transnasal endo-
scopic optic nerve decompression allows to
decompress the optic canal and orbital apex, also
with the aim to avoid contralateral optic nerve
diffusion of the tumor [62, 63]. This less invasive
technique shows stabilization of the disease and
sometimes improvement of the visual deficit [60,
62, 63].

Radiotherapy is the treatment of choice for
most primary optic nerve stealth meningiomas
[64]. Current radiation techniques include inten-
sity-modulated radiotherapy [65], stereotactic
radiosurgery (SRS) [66], proton beam therapy
(PBT) [67], stereotactic fractionated radiother-
apy [68]. Such techniques allow better conformal
dose to the shape of the tumor significantly
reducing the dose to the surrounding healthy
organs compared to 3D-conformal RT [69].

A recent meta-analysis comparing different
radiotherapy techniques results showed an excel-
lent tumor control rate from 80 to 100% follow-
ing fractionated radiotherapy using doses of
50-54 Gy in 28-30 fractions of 1.8-2.0 Gy each
[70].

Regarding long-term toxicity, three-confor-
mal radiation technique showed a rate of compli-
cations higher than more advanced techniques.
Reported complication rates using three-confor-
mal radiotherapy, stereotactic fractionated radio-
therapy,  intensity-modulated  radiotherapy,
stereotactic radiosurgery, and proton beam radio-
therapy were 19% (0-36%), 6% (0-33%), 7%
(0-20%), 4.7% (0-4.7%), and 12.5% (0-12.5%),
respectively [70]. The most common adverse
effect related to RT was retinopathy (44,0.4%),
followed by cataract (18%), dry eye (11%), pitu-
itary dysfunction (9%), optic neuritis (6.6%),
orbital pain (4.4%), and iritis (4.4%).

12.4.2 Schwannoma

Optic nerve sheath schwannomas are very rare
tumors, with only 14 reported cases in recent lit-
erature reviews [71-73]. Because the optic nerve
is not surrounded by Schwann cells, the origin of
these tumors is controversial. The most reliable

theory is that they arise from perivascular
Schwann cells accompanying the sympathetic
nerves innervating the blood vessels of the optic
nerve or the central retinal artery. Alternatively,
the origin from ectopic Schwann cells may be
suggested.

In the reported cases, the clinical presentation
is aspecific. At MR, a round homogeneously
enhancing tumor in relationship with the optic
nerve is evidenced.

Surgery (craniotomy or orbitotomy) has been
the primary treatment, allowing large tumor
removal; however, the visual prognosis is poor.
Fractionated radiotherapy using doses of
45-54 Gy in 28-33 fractions of 1.8 Gy per frac-
tion has been used as complementary treatment
in several cases.

12.5 Conclusion

Tumors of the optic nerve and its sheath are
mainly gliomas and meningiomas, whereas other
oncotypes are exceptional. Most of them are
benign and cause slowly progressive visual loss
and variable proptosis. The diagnosis of gliomas
and meningiomas is usually easy on post-contrast
MRI; on the other hand, more rare tumors are
diagnosed intraoperatively or at histological
examination. Observation is justified in benign
tumors with preserved or stable visual function;
surgery is often delayed because of the risk of
visual worsening, whereas radiation therapy is
used in meningiomas and malignant gliomas.
However, the visual prognosis is more often poor
although with difference according to the tumor

type.
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